
966 DCPARTMENT °c rr*N9Y B*RTLCSV ILLC 0% BAPYLESYILLE Cmi Cit F/S SI/N
INTHALPY OF COMBUSTION OF RJ—6.(U)
APR 79 N K SMITH AFO SR—76—0009

UNCLASSIFIED AFDSR—TR—79—OSOS NI.

2~:~~ [flhi *T~ R~5TL



• 
—‘- w- —

~
- - — . • - — - -  —

LiJ



.—

— 
— : ‘

~~
-
~._~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~I

_—



- ‘ .—-~~-—!-‘.——..-.-., - -- ._-~~~ —... -.u-. .~~~nr

UIWTASSTFTP~fl
StCu~~I1Yp L As~IFICATIo N O~ ThIS PAGE (Ifl~s., G.e. Enl•r.d) 

__________________________________

~~ ~EPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
~~~~~~~~~~~~~ 2. GOVT ACCESSION NO. 3. RECIPIENT S CATALOG NUMSER

~ _ _ _ _  

79 
_ _ _ _ _ _ _ _ _ _ _ _

S PE OF REP RT & PERJ Oa
~~OMLMD

~~ )NTHALPY OF COMBUSTION OF RJ—6 . INTERIM
- - 

S. . REP OR T MLJSSE

7. AUThOR(.) _~~~~ S. coN rRACT 0RGRA N r IauueER(.)

/ 1  iN Içf~MITH / j v  AFOS R— 787~~~ 9
- I 

_ _ _

S. PERFORMING ORGANIZATION NAM E AND ADDRESS 4~. PROGRAM ELEMENT ~ PROJ ECT , TASK
DEPARTMENT OF ENERGY AR EA S WO R K UN> 1

~
VI PE.

~
S

BARTLESVILLE ENERGY TECHNOLOGY CENTER ( 7 ~~~~ ( / I
P0 BOX 1 398, BARTLESVILLE , OK 74003 ‘—.-— 61102F \...~~~ ‘)

II. CONTROLLING OFFICE NAME AND ADDRESS nersn V~~~~

BLDG 
OFFICE OF SCIENTIFIC RESEARCH/NA 

~~~~

BOLLING AIR FORCE BASE, D C 20332 
. 

4
~4. MONITORING AGENCY NAME DO Ofl lt otSIfl ~ OWe.) IL SECURITY CLASS. (.1 tAt . ,pott)

UNCLASSIFIED 
. 

-

I S. . DECLASSI FICAT ONIDOWNGR AOING
SCHEDULE

6. OISTR(•U lION STATEMENT (OS thai R.porl)

Approved for public release; distribution unlimited .

I?. OISrRISUTION STATEMENT (.5 A. .b•ttac l ~ it.,•d In Stock 20. II dStl.,.nl Ira., R p.rt)

IS. SUPPL EMENTA R Y NOTES

tS. KEY W ORD S (Con*Iav. on ,. viri. 11d SI n.c. ..~ y a,d Idonlily by block numb.,)

COMBUSTION CALORI METRY
GROSS HEAT OF COMBUSTION
NET HEAT OF COMBUSTION
RJ- 6
RAMJ ET FUEL. S

20 AS STR AC ? (C.nlffiv. on r.v.r.. aId, St , Cii ~~~~y ond IdSfIIIS~ by bt.ck nuu ’b.q)
The enthalpy of combustion of the riajet fuel RJ—6 was measured by precision
combustion calorimetry. The following value is reported for the net enthalpy
of combustion at 298.15 K (25° C): — (17971.8 + 0.4) Btu/lb.

- ~‘/JO ~~~3I ~~~ DO ~~~~~~~ 1473 UNCLASSIFIED

• ~~JF~J’ cI~f
UIFIcAfI~~~ OF t I is$ PAGE (W~,•n Oii. fne.,.dJ



— -

— — -. — -. _-.‘-~~~.-. ~~~~~~~~~ ~~~ — —~~- .- on

SCIENTIFIC REPORT

ENTHALPY OF COMBUSTION OF RJ-6 J~~ JS* V 1.~’uva. .1 WIlls I.SIl.S~ j~’
~~ k1I~~~ lss C.i

c~ -ç
-- .. p 

~~~~~~~~~~~~~~~~~~~~~ -- ~

Bartlesville Energy Technology Center
Department of Energy --____ _______

Bartlesville , Oklahoma

Project Director: W . D. Good Report prepared by: N. K. Smith

Qualified requestors may obtain
additional copies from the Defense
Documentation Center, all others
should apply to the National
Technical Information Service.

Approved for public release;
distribution unlimited .

•1

Conditions of Reproduction

Reproduction, translation, publication , use and disposal in
whole or in part by or for the United States Government is
permitted.

______



—-‘- w- _ --- - .

I
Enthalpy of combustion of RJ-6 a

N. K. SMITH

The enthalpy of combustion of the ramjet fuel RJ-6

was measured by precision combustion calorimetry.

The following value is reported for the net entha].py

of combustion at 298.15 K (25° C): —(17971.8 ± 0.4)

Btu/lb.

1 1. Introduction

cooperation with the Air Force Office of Scientific

Research, this laboratory has studied compounds that may

be used to impart particular properties to fuels such as

high enthalpy of combustion per unit volume or per unit

mass.’~
1
~~ This report concerns the ramjet fuel RJ-6 .

Work conducted under an Interagency Agreement between -

the Air Force Office of Scientific Research , U.S .  Air Force ,
Contract No. 78-0009 , Project 2308 , and the Department of
Energy .
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2. Experimental

MATERIAL

The material was supplied by Herbert R. Lander, Jr., Fuels

and Lubrication Division, Air Force Aero Propulsion Labora-

tory (AFSC), Wright—Patterson Air Force Base, Ohio. It is

a mixture of JP-lO and RJ-5; it was used as received without

further drying. Fragile flexible ampoules~
2’3) of borosilicate

glass confined the samples of RJ-6; auxiliary oil (laboratory

designation TKL 66) was used to initiate the combustion. Ro-

tating—bomb calorimeter BMR ii(4) and platinum-lined bomb

Pt-3b(5) were used without bomb rotation. For each experiment,

1 cm3 of water was added to the bomb, and the bomb was flushed

and charged to 30 atm with pure oxygen; nitric acid formation

during the combustion was negligible. Each experiment was

started at 296.15 K, and because the masses of combustibles

were properly chosen, the final temperatures were very nearly

298.15 K. Temperatures were measured by quartz crystal ther-

mometry; the quartz thermometer was calibrated with a platinum

resistance thermometer. A programmable desktop calculator c

was used to control the combustion experiments and record the

results. Readings were taken at 100-second intervals through—

out the experiment; integration of the time-temperature curve

is inherent in the quartz thermometer reading .
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The experimental results are based on 1961 atomic weights.(6)

For reducing weights in air to masses, converting the energy of

the actual bomb process to that of the isothermal bomb process,

and reducing to standard states,(7) the following values were

used for the properties of RJ-6: density, 1.01 g cm~~~
8
~ ;

specific heat capacity, (0.3) cal K ’ g~~; and (aE/aP)T,

(—0.003) cal atnr1 g~~; values in parentheses are estimates.

National Bureau of Standards sample 39i benzoic acid

was used for calibration; the result from eight experiments

interspersed with the RJ-6 experiments was c(calor) =

(4005.82 ± 0.05) cal deg~~ (mean and standard deviation of

the mean).

RESULTS

The results are summarized in table 1. The value of

refers to the reaction of unit mass of sample. Carbon dioxide

was recovered from all of the experiments . The ratio of

carbon dioxide recovered to mass of sample burned was

3.2725 ± 0 .0002 (mean and standard deviation of the mean) .

The empirical formula of RJ-6 calculated from this ratio and

the assumption that only carbon and hydrogen are present is

CH1 4259 .
The enthalpy of combustion given in table 1 is the “gross”

heat of combustion for which the reaction products are gaseous

carbon dioxide and liquid water. For combustion to gaseous

carbon dioxide and gaseous water , the “net” heat of combustion

of RJ—6 is —(17971.8 ± 0.4) Btu/lb.

—I 
~~~~~~~~ 

• ~~~~~~~



L W -

4

TABLE 1. Summary of a typical calorimetric experiment

at 298.15 Ka

m ’ (RJ—6) / g  0.720016

m ’’(auxiliary oi l )/g  0.038964

m ’ ’ ’( fu s e) / g  0.00 1056

n1(H20) /mol 0.05535

t
~
tc/K = (t f ti+t~tcorr )/K 2 .00000

c(calor) (—t
~
t
~
)/cal —8011.63

c(cont) (-
~
t
~
)/ca1 b 880

t~Ej gn/cal 0.18

E
~
E(corr to std states)/c~~ 

C 331

[—rn ’ ’  (~ E~ /M) (o il) ]/cal  428 .78

[—rn ’ ’ ’  (~ E~ /M) ( fuse )J /cal  4 .28

[m’(~E~/M)(RJ—6)]/ca1 —7583.88

((~E~/M) (RJ—6)J/cal g~~ —10532.93

~E~ /M) (RJ—6)/cal  g~~ —(10533 .05  ± 0 . 24 )  mean and

standard deviation of the

mean , seven experiments

~E~/M(RJ—6)/Btu 1b~~ —(18946.8 ± 0.4)

a
The symbols and abbreviations of this table are those
of reference 7 except as noted .
b~~ fc (cont) (t j — 298.15 K) + c (cont) (298.15 K — t f

+ tcorr )•
C
Items 81 to 85, 87 to 90, 93, and 94 of the computation
form of reference 7.

I ~~ - 
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